
A092 515 ARMAMENT DIV (AFSC) EBLIN AFS FL F/6 22/2
SCALE FACTOR AND NOISE PERFORMANCE TESTS OF THE BENDIX CORPORAT--ETC(U)
AUG 80 R KIM, J HOFFMAN

UNCLASSIFIED AD-TR-80-63 SBIE-AD-E800 119 NL1.3Ihhhm I.
EIIIEEEIIEEEI

lmmm ......aa~l



*~ ~ DE Too I I
AD-TR-80-63

,FINAL REPORT (j ) LEVEL

(a) SCALE FACTOR AND NOISE PERFORMANCE TESTS

OOF THE

BENDIX CORPORATION RATE GYRO ASSEMBLY (RGA)
acc :CONDUCTED 

BY

CENTRAL INERTIAL GUIDANCE TEST FACILITY

6585TH TEST GROUP

HOLLOMAN AIR FORCE BASE, NEW MEXICO
AUGUST 1980

MIS fU '-f 7 : rTY PPACTICABL .

THE COPY : 0 ,: CCW A1ID A

SIGNqI FI CANT .9,'(PF1 ,OF PAGES 4141CH D-O M

Approved for public release; distripution unlimited.

IIi
t ARMAMENT DIVISION

~AIR FORE SYSTEMS COMMAND*• UNITED STAIRS AIR FORICE

DTIC
'"IU rlELECTE

U- t. 8 W

S~E80 107085



THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED:

I

ii

| "

*1_ _ _ _ _ _ _ _ _ _ _ _ _ _



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

['



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wten Dal Entered)

REPORT DOCUMENTATION PAGE READ U4STRUC71ONS
BEFORE COMPLETING FORM

.REPORT NUMBER .2. GOVT ACCESSION NO. 3. RECIPIENM'S CATALOG NUMBER

AD-TR-80-63 ._____:__---_-
4. TITLE (and Subtitle) S. TYPE OF REPORT I PERIOD COVERED

SCALE FACTOR AND NOISE PERFORMANCE TESTS OF THE Final Report
BENDIX CORPORATION RATE GYRO ASSEMBLY (RGA) 29 May-19 Jun 80

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 3. CONTRACT OR GRANT NUMBER(e)

Mr. Robert Kim
lLt John Hoffman

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

AREA & WORK UNIT NUMBERS

6585th Test Group V/

Holloman AFB, NM 88330 JON: 921END1O

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

National Aeronautics and Space Administration August 1980
Marshall Space Flight Center i3. NUMBEROF PAGES

Huntsville. Alabami 3R121 216
14. MONITORING AdENCY NAME & ADORESS(If different from Controlling Office) IS. SECURITY CLASS. (of this report)

UNCLASSIFIED
i5a. DECLASSI FICATION/DOWNGRADING

SCHEDULE

16. DISTRIBUTION .TATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)

IS. SUPPLEMENTARY NOTES

19 KEY WORDS (Contlnue or, reverse side If necessary and Identify by block number)

Gyroscopes Power Spectral Density
Strapdown Systems Space Telescopes

20 ABSTRACT (Continue on reverse side If necessary and Identify by block number)

Three Bendix Corporation gyroscopes in a Rate Gyro Assembly (RGA) were
tested at the Central Inertial Guidance Test Facility (CIGTF), 6585th Test
Group, Holloman Air Force Base, New Mexico, from 29 May through 19 June 1980,
for the National Aeronautics and Space Administration (NASA), Marshall Space
Flight Center (MSFC), Huntsville, Alabama.

DD JAN7 1473 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dole Entered)



UNCLASSIFIED
SECURITY CLASSIFCATION OF.THIS PAGE(Whan Datl Rntered)

Block 20 (Cont'd)

The purpose of the tests was to characterize the noise performance of
each gyro in the RGA in the frequency range of 0.01 Hz to 20 Hz. Gyro noise
performance was then compared with seismic activity and previous results from
Bendix Corporation testing.

V

Eight-point tests were performed to obtain scale factors which were used
to scale the Power Spectral Density (PSD) data. The PSD -test series consisted
of 1, 2.5, 5, 40, and 180 minute tests under various operating conditions
(wheels on and off, low and high rate modes, and horizontal and vertical out-
put axis orientations).

The data are presented as PSD plots in the frequency domain. These re-
suits show ; negligible seismic contribution and are comparable with data
obtained at the Bendix test facility.

!E

!V

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGECIVIIl Data itnetJed)



FOREWORD

This report documents the results of scale factor and

noise performance tests of three Bendix Corporation Rate

Integrating Gyroscopes which were part of a Rate Gyro

Assembly (RGA) to be used on the Space Telescope Pointing and

Control System. Two gyros were standard Bendix models, while

the third used a low-viscosity flotation fluid. The tests

were performed by the Central Inertial Guidance Test Facility

(CIGTF), Holloman Air Force Base, New Mexico. The

responsible development agency (RDA) was the National

Aeronautics and Space Administration (NASA), Marshall Space

Flight Center (MSFC), Huntsville, Alabama, which provided

reimbursable funds under JON: 921END10. The tests were

conducted during June 1980, and the results are presented as

Power Spectral Density (PSD) plots across the frequency band

of interest.

This report was prepared by Mr. Robert Kim, Test

Engineer, and iLt John Hoffman, Test Director.
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SUMMARY

Three Bendix Corporation gyroscopes in a Rate Gyro

Assembly (RGA) were tested at the Central Inertial Guidance

Test Facility (CIGTF), 6585th Test Group, Holloman Air Force

Base, New Mexico, from 29 May through 19 June 1980, for the

National Aeronautics and Space Administration (NASA),

Marshall Space Flight Center (MSFC), Huntsville, Alabama.

The purpose of the tests was to characterize the noise

performance of each gyro in the RGA in the frequency range of

0.01 Hz to 20 Hz. Gyro noise performance was then compared

with seismic activity and previous results from Bendix

Corporation testing.

Eight-point tests were performed to obtain scale factors

which were used to scale the Power Spectral Density (PSD)

data. The PSD test series consisted of 1, 2.5, 5, 40, and

180 minute tests under various operating conditions (wheels

on and off, low and high rate modes, and horizontal and

vertical output axis orientations).

The data are presented as PSD plots in the frequency

domain. These results show a negligible seismic contribution

and are comparable with data obtained at the Bendix test

facility.
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1. INTRODUCTION

1.1 Authority

Laboratory tests of the Bendix Corporation Rate Gyro

Assembly (RGA) were recquested by the National Aeronautics and

Space Administration (NASA), Marshall Space Flight Center

(MSFC), Huntsville, Alabama, on 19 June 1979. The RGA is part

of the Pointing and Control System for the Space Telescope

(ST) project developed by NASA and Lockheed Missile and Space

Company (LMSC).

In accordance with AFSC Supplement 1 to AFR 80-14,

the Central Inertial Guidance Test Facility (CIGTF), 6585th

Test Group, Holloman AFB, New Mexico, documented this test

program in a Test Directive dated 13 Feb 80, and in a

Statement of Capability dated 5 Mar 80. The project was

assigned JON: 921END10, and testing began in May 80.

This report documents the results of testing three

Bendix gyros in the RGA.

The gyro and its support equipment are UNCLASSIFIED

to both physical and visual access. All test procedures,

schedules and data are UNCLASSIFIED.

1.2 Test Objectives

The test objectives were as follows:

a. To characterize the noise performance of the RGA

in the frequency range of 0.01 Hz to 20 Hz.

b. To compare the results with those from previous

testing performed at the Bendix test facility.

c. To compare the performance of the standard

p=~1N-G pAGE BL&W~-N'OT JnkA4D



Bendix gyroscopes with that of the low-viscosity gyroscope.

1.3 Test History

27 May 80 - Test Support Equipment arrived.

28 May 80 - Test Support Equipment set up and checked
out. Rate Gyro Assembly arrived.

29 May 80 - Manufacturer's checkout tests began.

2 Jun 80 - Eight-position tests and scale factor tests
began.

4 Jun 80 - Rate Gyro Assembly and Test Support Equipment
moved to the Advanced Inertial Test Labora-
tory.

5 Jun 80 - Drift tests began.

19 Jun 80 - Test Support Equipment packed and shipped.
Rate Gyro Assembly packed and hand carried
to Bendix plant.

2. TEST ITEM DESCRIPTION

This section briefly provides an operational and

functional description of the Rate Gyro Assembly. This

information was obtained primarily from the Bendix ST/RGA

System Description; MT-41, 023; 26 March 1979.

2.1 General Description

The RGA is a strapdown reference gyro package

designed to meet the requirements of the pointing and control

system which is part of the NASA/LMSC Space Telescope. It is

composed of two separately packaged subassemblies designated

as the Rate Sensor Unit (RSU) and the Electronics Control

Unit (ECU). The RGA senses vehicle motion utilizing two size

64 Permanent Magnet Rate Integrating Gyros (64 PM RIG) to

provide two channels of digital attitude and analog rate

information. Each channel operates in a Pulse Rebalance Loop

12



(PRL) that uses digital electronics in a

binary-forced-limit-cycle design approach. This technique

provides digitizing of sensor output for computer interface.

In addition to the two gyros normally contained in

an RGA, a third gyro with a lower viscosity fluid was also

tested. This Low Viscosity Gyro (LVG) wos mounted on the

fixture in the same orientation as the Channel 2 gyro and was

connected in place of the Channel 1 gyro at the rate sensor

(R/S) connector. The lower viscosity fluid allowed the gyro

to be servoed by a PRL with less gain. Lower electronic gain

in the loop should cause less noise c; .e output, since any

noise produced by the gyro would not be amplified as much as

it would by a higher gain loop.

2.2 Operational Description

The Pointing and Control System accomplishes the

stabilization and control of the ST spacecraft. The RGA

forms an integral part of this system's sensor complement and

will provide for short term attitude reference. Three RGA

assemblies are present onboard the ST spacecraft; each

containing two reference channels. Each channel is separate,

except for the interface between reference clocks, of which

either or both can operate at one time. Since the channels

are separate, a failure in one will not result in a failure

of the other.

2.3 Functional Description

The RSU consists of two 64 PM RIG Gyro Rate Sensors,

each having pulse rebalance loop electronics integral within

4i 13



tht ovral .1 rat o sensor dimensions. These electironics at e
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advantage of its controlled temperature to provide a stable

environment. Each of the rate sensors is functionally

interchangeable. A gyro electronics card is provided for

each channel and serves as an interface driver and receiver

between the ECU and the rate sensors.

The system operates in the following manner:

precessional torques due to sensed rates generate an error

signal at the output of the signal generator in the form of

an amplitude modulated signal. This signal is then

demodulated to a magnitude which is proportional to the gyro

tloat displacement in the analog portion of the servo

amplifier. In the digital section, the signal is added to a

sawtooth waveform which is then used to generate a pulse

width modulated signal. Based on this digital signal, the

rebalance torque is generated, as well as the output rate

signal .

A block diagram of the system is shown in Figure 1.

The Gyro Electronics Card produces the signal generator

excitation and provides power regulation for the RSU, and

contains the necessary drivers and receivers to interface the

rate sensor to the ECU.

14
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The ECU consists of two independent sets of control

electronics containing the following cards for each channel

(eight total): Gyro Support Card, Timing Card, Power Supply

Card and Temperature Controller Card.

The Gyro Support Card drives the spin motor and

suspension system and provides most of the telemetry

functions and output signals. All timing signals are

generated on the timing card which provides for

cross-strapping (interface) with the Channel 2 clock. The

Power Supply Card provides all DC power to the ECU and RSU.

The Temperature Controller Card provides the stable operating

temperature to the gyro and selects either the normal or

backup temperature control sensor.

3. TEST EQUIPMENT

3.1 Testbeds and Fixtures

Mounting fixtures were supplied by Bendix to

interface the RGA to the testbeds and provide the necessary

orientations. RGA tests were performed using the testbeds

described below.

3.1.1 Precision Position Table

A Goerz T-500 air bearing rate and

positioning table located on an isolated pad in the CIGTF

Gyroscope Laboratory, Bldg 1265, was used to conduct the

eight-position and scale factor tests.

3.1.2 Isolated Test Pad

The drift tests were conducted on a mounting

plate attached to an isolated test pad in Room 13 of the

16
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CIGTF Advanced Inertial Test Laboratory, Bldg 1256. This pad

was instrumented with tiltmeters, seismometers, and an

ambient temperature monitor.

3.2 Test Support Equipment

Bendix supplied all necessary test support equipment

and personnel to operate and control the RGA.

3.3 Data Acquisition Equipment

A block diagram of the data acquisition equipment

for RGA testing is shown in Figure 2. It consisted of two

parts, one supplied by Bendix, the other supplied by CIGTF.

Table I lists the CIGTF equipment which was used.

4 17
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TABLE 1. CIGTF EQUIPMENT

Manufacturer Model Description

Autonetics Al-001A 2-Axis Tiltmeter

Electrotechnical Lab EV22C Portable Seismic Mon-
itor (PRM) Sensors

USAF Sieler Laboratory PSM Electronics

Rockland 816 Multichannel Low Pass
i iter

Analogic AN5800 Analog-to-Digital
Converter

Hewlett-Packard 2100 Minicomputer

Hewlett-Packard 7970E Digital Tape Unit

Hewlett-Packard 2600A Terminal

Harrel C1207A Temperature Indicator

Hewlett-Packard CIGTF Central Minicomputer
System

19



The gyro output data were acquired using a

contractor-supplied Bendix 9000 minicomputer. Paper tape was

used to transfer the gyro data to the CIGTF data reduction

computer.

The CIGTF data acquisition system recorded the

tiltmeter, seismometer, and temperature data on magnetic

tape. The seismic, tilt, and temperature information was

filtered with a multichannel programmable low-pass filter and

(ugitized at the various accumulation frequencies, using a 15

bit analog-to-digital converter (ADC). The data were then

written on magnetic tape and transferred to the data

reduction computer.

3.4 Data Reduction Equipment

Data reduction was accomplished on the CIGTF central

minicomputer system which uses a Hewlett-Packard 1000

Floating Point Processor. All data reduction software was

developed at the CIGTF. These programs implement a Fast

Fourier Transform and all computations are made in double

precision (four 16-bit words per data point).

4. TEST AND ANALYSIS PROCEDURES

4.1 Eight-Position and Scale Factor Tests

An eight-position test was conducted to determine

the low rate scale factor and g--sensitive drift coefficients

for the RGA Channel 1 and Channel 2 gyros. A two-position

test was used to obtain high rate scale factors for Channels

I and 2 and also high and low rate scale factors for the LVG.

4 20



4.1.1 Eight-Position and Scale Factor Test Pro-

cedur es

The RGA was mounted on a precision angle

fixture which was adapted to the Goerz T-500 rate and

position table. It was turned on in the low rate mode and

allowed to stabilize overnight. With the table spin axis

parallel to local vertical, the angle fixture placed the spin

axis (SA) of Channel 1 down and the SA of Channel 2 up, so it

was not possible to obtain the same orientations for both

gyros.

Each axis was placed in the orientations

shown in Tables 2 and 3, by rotating the table top and

tilting about the horizontal axis. Data were acquired from

the teletype printout of a 15-minute bias test after allowing

time for the output axis (OA) slew transient to decay.

After the above tests were completed, the

angle fixture was removed and the RGA and LVG were mounted

directly on a flat bolt hole adaptor plate on the T-500 table

with the OA's horizontal. Input Axis (IA) north and IA south

orientations were then used to obtain high and low rate scale

factors for the LVG. Data were taken at each position for 15

minutes, using the bias test program.

J 21



TABLE 2. CHANNEL 1 ORIENTATIONS

Channel 1 - Low Rate Mode - Eight-Position Test

Position Spin Axis Input Axis Output Axis

1 Down North East

2 Down East South

3 Down South West

4 Down West North

5 North East Down

6 North Down West

7 North West Up

8 North Up East

Channel 1 - High Rate Mode - Scale Factor Test

Position Input Axis

1 North

2 South

4t 22



TABLE 3. CHANNEL 2 ORIENTATIONS

Channel 2 - Low Rate Mode - Eight-Position Test

Position Spin Axis Input Axis Output Axis

1 Up South East

2 Up West South

3 Up North West

4 Up East North

5 North East Down

6 North Down West

7 North West Up

8 North Up East

Channel 2 - High Rate Mode - Scale Factor Test

Position Input Axis

I North

2 South

23
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4.1.2 Eight-Position and Scale Factor Test Analysis

The per formance equation which models the

gyro is as follows:

SN = DF +DiaI + Doa + Dsa + D a2+ Dsa 2

+ DaIaa + Disa as + Dosa0 as + I

where

N = Gyro torquer output (Pulses Per Second (PPS))

S = Gyro axis torquer scale factor (Deg/Hr/PPS)

D = Gyro drift coefficient

aI = Acceleration, with respect to inertial space, of the
gyro case along the input axis (g)

a0 = Acceleration, with respect to inertial space, of the
gyro case along the output axis (g)

a = Acceleration, with respect to inertial space, of the
yro case along the spin axis (g)

W, = Angular velocity, with respect to inertial space, of

the gyro case about the input axis (Deg/Hr)

5 = IA misalignment about a vertical axis

D = IA misalignment about a horizontal axis

The equations for the gyro output at each of the

eight orientations for Channel 1 follow:

I. SNI = + H COS6

2. SN DF-Ds + H sin6

3. SN3 = DF-DS - W H COS6

4. SN4 = DF-Ds - wH sin6

5. SN5 = DF-Do - WV sina

6. s16 = DF-D I -WV Cosa

7. SN7 = DF+Do + uV sina

8. SN8 = iF+D + V Cosa

8 F I WVCa

24



where

W H = The horizontal component of earth rate at the test
site latitude = 12.595672 Deg/Hr

wV = The vertical component of earth rate at the test site
latitude = 8.14556175 Deg/Hr

Equations 1-4 can be combined to give:

s /NN 3)2 + ( 2

' : [S (N2 -N4 )] ta 1[ N2 - N4 1

6 =sin~ ----- or 6 = tan 1 NN

DF-DS (1-4) = S (NI + N2 + N3 + N4)/4

Equations 5-8 yield the following:

DF : S (N5 + N6 + N7 + N8)/4

DI = S (N8 - N6)/2 - wV

The Channel 2 eight-position test data were analyzed

in a similar manner; however, the equations were different

since the orientations were not the same.

The high rate scale factor for Channels 1 and 2, and

the high and low rate scale factors for the low viscosity

gyro were determined by dividing the known difference in

earth rate by the change in gyro output from the IA north

orientation to the IA south orientation.

4.2 Drift Tests

Drift tests were performed to characterize the RGA

output noise in the frequency range from 0.01 Hz to 20 Hz in

a quiescent environment. These tests were the primary

25



objective of the test program.

4.2.1 Dt itt lTest Ptocdurc

The drift tests were conducted on an isolated

test pad in Room 13 of the Advanced Inertial Test Laboratory,

Bldg 1256. The RGA was mounted, turned on, and allowed to

stabilize. Gyro data were taken using the drift test program

with various accumulation times and numbers of points. Table

4 shows the specific conditions of each test.

The drift tests were conducted with the

wheels either enabled or off, with the gyro in the low or

high rate mode, and in both the OA horizontal and OA vertical

orientations. They were also run with the Channel 1 gyro off

and with the LVG substituted in place of the Channel 1 gyro.

On the ninth day of testing (17 Jun) , the two

cables were swapped between the RSU and the ECU channels at

the RSU/ECU connectors (shown in Figure 1). On the tenth

day, the cables were swapped back and the rate sensors (R/S)

were swapped by exchanging R/S connectors inside the RSU (as

shown in Figure 1) between Channel 1 and Channel 2.

Run 9-9X on 17 June was conducted immediately

after the Channel 2 heater was turned off to determine the

effect of temperature instability on the noise level.

On 19 June, the OA vertical orientation was

repeated for two tests to confirm a bandwidth problem

discovered on 11 June.

26



'ABILI: 4. )N iFT TEST ' C(NiI'I'ION!;

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/
(1980) Run # Orientation ded Status # of Points

5 Jun 1-1 OA-H IA-E/W 1 CH1=CH2 =  5/.025/12000
ON/LO/EN

5 Jun 1-2 OA-H IA-E/W 2 CH1=CH2 =  5/.025/12000
ON/LO/EN

5 Jun 1-3A OA-H IA-E/W 1 CH1=CH2= 2.5/.025/6000
ON/LO/EN

5 Jun 1-3B OA-H IA-E/W 2 CH1=CH2= 2.5/.025/6000
ON/LO/EN

5 Jun 1-4 OA-H IA-E/W 1 CHI=CH2=  1/.005/12000
ON/LO/EN

5 Jun 1-5 OA-H IA-E/W 2 CH1=CH2=  1/.005/12000
ON/LO/EN

5 Jun 1-6 OA-H IA-E/W 1 CHI=CH2 =  40/.2/12000
ON/LO/EN

5 Jun 1-7 OA-H IA-E/W 2 CH1=CH2 =  40/.2/12000
ON/LO/EN

5 Jun 1-8 OA-H IA-E/W 1 CH1=CH2 =  180/1/10800
ON/LO/EN

5 Jun 1-9 OA-H IA-E/W 2 CH1=CH2 =  180/1/10800
ON/LO/EN

6 Jun 2-1 OA-H IA-E/W 1 CH1=CH2=  5/.025/12000
ON/HI/EN

6 Jun 2-2 OA-H IA-E/W 2 CH1=CH2=  5/.025/12000
ON/HI/EN

6 Jun 2-3A OA-H IA-E/W I CHI=CH2= 2.5/.025/6000
ON/HI/EN

6 Jun 2-3B OA-H IA-E/W 2 CH1=CH2= 2.5/.025/6000
ON/HI/EN

27



TABLE 4 (CONTINUED)

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/
(1980) Run # Orientation ded Status # of Points

6 Jun 2-4 OA-H IA-E/W 1 CH1=CH2= 1/.005/12000
ON/HI/EN

6 Jun 2-5 OA-H IA-E/W 2 CHI=CH2 =  1/.005/12000
ON/HI/EN

6 Jun 2-6 OA-H IA-E/W 1 CHI=CH2 =  40/.2/12000
ON/HI/EN

6 Jun 2-7 OA-H IA-E/W 2 CHI=CH2= 40/.2/12000
ON/HI/EN

6 Jun 2-8A OA-H IA-E/W 1 CHI=CH2=  180/2/5400
ON/HI/EN

6 Jun 2-8B OA-H IA-E/W 2 CH1=CH2=  180/2/5400
ON/HI/EN

9 Jun 3-1 OA-H IA-E/W 1 CH1=CH2= 5/.025/12000

ON/LO0/OFF

9 Jun 3-2 OA-H IA-E/W 2 CH1=CH2=  5/.025/12000
ON/LO/OFF

9 Jun 3-3A O,-H iA-E/W 1 CH1=CH2 = 2.5/.025/6000
ON/LO/OFF

9 Jun 3-3B OA-H IA-E/W 2 CHI=CH2 = 2.5/.025/6000
ON/LO/OFF

9 Jun 3-4 OA-H IA-E/W I CHI=CH2 =  1/.005/12000
ON/LO/OFF

9 Jun 3-5 OA-H IA-E/W 2 CHI=CH2 =  1/.005/12000
ON/LO/OFF

9 Jun 3-6 OA-H IA-E/W 1 CH1=CH2 =  40/.2/12000
ON/LO/OFF

9 Jun 3-7 OA-H IA-E/W 2 CHI=CH2 =  40/.2/12000
ON/LO/OFF

28
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TABLE 4 (CONTINUED)

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/

(1980) Run # Orientation ded Status # of Points

9 Jun 3-8A OA-H IA-E/W 1 CH1=CH2= 180/2/5400
ON/LO/OFF

9 Jun 3-8B OA-H IA-E/W 2 CH1=CH2=  180/2/5400
ON/LO/OFF

10 Jun 4-1 OA-H IA-E/W 1 CH1=CH2=  5/.25/12000
ON/HI/OFF

10 Jun 4-2 OA-H IA-E/W 2 CH1=CH2=  5/.25/12000
ON/HI/OFF

10 Jun 4-3A OA-H IA-E/W I CH1=CH2= 2.5/.025/6000
ON/HI/OFF

10 Jun 4-3B OA-H IA-E/W 2 CH1=CH2= 2.5/.025/6000
ON/HI/OFF

10 Jun 4-4 OA-H IA-E/W 1 CH1=CH2=  1/.005/12000
ON/HI/OFF

10 Jun 4-5 OA-H IA-E/W 2 CH1=CH2=  1/.005/12000
ON/HI/OFF

10 Jun 4-6 OA-H IA-E/W 1 CH1=CH2=  40/.2/12000
ON/HI/OFF

10 Jun 4-7 OA-H IA-E/W 2 CH1=CH2 =  40/.2/12000
ON/HI/OFF

10 Jun 3A OA-H IA-E/W 1 CH1=CH2=  180/2/5400
ON/HI/OFF

10 Jun 4-8B OA-H IA-E/W 2 CH1=CH2=  180/2/5400
ON/HI/OFF

11 Jun 5-1 OA-V CHI IA N 1 CH1=CH2=  5/.025/12000

ON/LO/EN

11 Jun 5-2 OA-V CHi IA N 2 CH1=CH2=  5/.025/12000
ON/LO/EN
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TABLE 4 (CONTINUED)

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/
(1980) Run # Orientation ded Status # of Points

11 Jun 5-3A OA-V CHI IA N 1 CH1=CH2= 2.5/.025/6000
ON/LO/EN

11 Jun 5-3B OA-V CHI IA N 2 CHI=CH2 = 2.5/.025/6000
ON/LO/EN

11 Jun 5-4 OA-V CHI IA N 1 CH1=CH2= 1/.005/12000
ON/LO/EN

11 Jun 5-5 OA-V CHI IA N 2 CHI=CH2 =  1/.005/12000
ON/LO/EN

12 Jun 6-1 OA-V CHI IA N 2 CHI OFF/ 5/.025/12000
CH2/ON/LO/EN

12 Jun 6-2 OA-V CHI IA N 2 CHI OFF/ 1/.005/12000
CH2/ON/LO/EN

12 Jun 6-3 OA-V CHI IA N 2 CHI OFF/ 40/.2/12000
CH2/ON/LO/EN

12 Jun 6-4 OA-V CHI IA N 2 CHI OFF/ 180/.2/5400
C H2/ON/LO/EN

13 Jun 7-1 OA-H IA-W LVG LVG=CH2=  5/.025/12000
ON/LO/EN

13 Jun 7-2 OA-H IA-W 2 LVG=CH2 =  5/.025/12000
ON/LO/EN

13 Jun 7-3 OA-H IA-W LVG LVG=CH2 =  1/.005/12000
ON/LO/EN

L3 Jun 7-4 OA-H IA-W LVG LVG=CH2= 40/.2/12000
ON/LO/EN

V 13 Jun 7-5 OA-H IA-W LVG LVG=CH2 =  180/2/5400
ON/LO/EN

16 Jun 8-1 OA-H IA-W LVG LVG=CH2= 5/.025/12000ON/LO/OFF
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TABLE 4 (CONTINUED)

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/
(1980) Run # Orientation ded Status # of Points

16 Jun 8-2 OA-H IA-W 2 LVG=CH2 =  5/.025/12000
ON/LO/OFF

16 Jun 8-3 OA-H IA-W LVG LVG=CH2= 1/.005/12000
ON/LO/OFF

16 Jun 8-4 OA-H IA-W LVG LVG=CH2=  40/.2/12000
ON/LO/OFF

16 Jun 8-5 OA-H IA-W LVG LVG=CH2 =  180/2/5400
ON/LO/OFF

17 Jun 9-1 OA-H IA-E/W CHI RSU CH1=CH2=  5/.025/12000
ON/LO/EN

17 Jun 9-2 OA-H IA-E/W CH2 RSU CH1=CH2=  5/.025/12000
ON/LO/EN

17 Jun 9-3A OA-H IA-E/W CHI RSU CH1=CH2= 2.5/.025/6000
ON/LO/EN

17 Jun 9-3B OA-H IA-E/W CH2 RSU CH1=CH2= 2.5/.025/6000
ON/LO/EN

17 Jun 9-4 OA-H IA-E/W CHI RSU CH1=CH2=  1/.005/12000
ON/LO/EN

17 Jun 9-5 OA-H IA-E/W CH2 RSU CH1=CH2=  1/.005/12000
ON/LO/EN

17 Jun 9-6 OA-H IA-E/W CHI RSU CH1=CH2= 40/.2/12000
ON/LO/EN

17 Jun 9-7 OA-H IA-E/W CH2 RSU CH1=CH2=  40/.2/12000
ON/LO/EN

17 Jun 9-8 OA-H IA-E/W CH2 RSU CHI=CH2=  180/2/5400
ON/LO/EN

17 Jun 9-9X OA-H IA-E/W CH2 RSU CH1=CH2= 5/.025/12000
ON/LO/EN
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TABLE 4 (CONTINUED)

Chan- Time (Min)/
nel Accumula-

Date Recor- tion (Sec)/
(19S0) Run # Orientation ded Status # of Points

18 Jun 10-1 OA-H IA-E/W CHI R/S CH1=CH2=  5/.025/12000
ON/LO/EN

18 Jun 10-2 OA--H IA-E/W CH2 R/S CH1=CH2=  5/.025/12000
ON/LO/EN

18 Jun 10-3A OA-H IA-E/W CHI R/S CHI=CH2= 2.5/.025/6000
ON/LO/EN

18 Jun 10-3B OA-H IA-E/W CH2 R/S CH1=CH2= 2.5/.025/6000
ON/LO/EN

18 Jun 10-4 OA-H IA-E/W CHI R/S CH1=CH2= 1/.005/12000
ON/LO/EN

18 Jun 10-5 OA-H IA-E/W CH2 R/S CH1=CH2 =  1/.005/12000
ON/LO/EN

18 Jun 10-6 OA-H IA-E/W CHI R/S CH1=CH2= 40/.2/12000
ON/LO/EN

18 Jlr; 10-7 OA-H IA-E/W CH2 R/S CHI=CH2=  40/.2/12000
ON/LO/EN

19 Jun 11-1 OA-V CHI IA N 1 CH1=CH2=  5/.025/12000
ON/LO/EN

19 Jun i-2 OA-V CHI IA N 2 CH1=CH2 =  5/.025/12000
ON/LO/EN
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The gyro output was recorded by the Bendix

9000 test computer and punched out on paper tape. The data

were read from the paper tape and stored in the CIGTF central

minicomputer system, where it was reformatted and reduced.

During each test, tiltmeter and seismometer

data were recorded under the same conditions, and during the

same time period as the gyro data. These data were low pass

filtered (to prevent aliasing) and recorded on magnetic tape

to be processed on the CIGTF central minicomputer in the same

manner as the gyro data.

4.2.2 Drift Test Analysis

Each channel of data was scaled into

appropriate units, and least squares fitted to a straight

line. The bias and slope were removed from the data and the

results were Fast Fourier Transformed and self-conjugate

multiplied. These power spectrums were averaged as described

below, and normalized to produce Power Spectral Density (PSD)

plots or integrated and the square root was taken to produce

root mean square (RMS) noise calculations.

Several blocks, each of 2048 points, were

averaged (using a "sliding average" technique) to obtain

power spectrums. Each block was delayed in the time domain

by an offset of 128 points. Table 5 shows the various

numbers of data points in a test, the associated number of

averages that were used, and the amount of offset between

averages.
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TABLE 5. OFFSETS AND AVERAGES FOR EACH TEST CONDITION

Accum Offset Offset # Blocks # Points
# Pts Time (Sec) (# Pts) (Sec) Averaged Not Used

12000 0.005 128 0.64 78 96

12000 0.025 128 3.2 78 96

6000 0.025 128 3.2 31 112

12000 0.2 128 25.6 78 96

10800 1.0 128 128.0 69 48

5400 2.0 128 256.0 27 24
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After normalizing the averaged power

spectrums, the PSD data were averaged logrithmically to

prevent the "bunching-up" effect on the plot. As shown in

Table 6 (from Koenigsberg, W.E., "Spectral Analysis of Random

Signals - Techniques and Interpretation", Charles Stark

Draper Laboratory Report E-2771, June 1973), the first 32

points were plotted directly; the next 32 points were

averaged 2 at a time, the next 64 points were averaged 4 at a

time, and so on.

For the RMS noise calculations, power

spectrum points were grouped to yield convenient frequency

increments, integrated, and the square root taken. The RMS

noise was also calculated and printed for the entire data

block (2048 points)
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5. TEST RESULTS

5.1 Eight-Position and Scale Factor Test Results

The results of the eight-position and scale factor

tests are presented in Table 7.
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TABLE 7. EIGHT-POSITION AND SCALE FACTOR TEST RESULTS

Parameter Channel I Channel 2 LVG
(Units) Results Results Results

DF (Deg/Hr) -0.6053 1.2592

DS (Deg/Hr/g) -0.7274 1.1704

DI (Deg/Hr/g) 0.2642 0.9788

Low Rate Scale Factor 0.0002485 0.0002494 0.0002354
(Arc Sec/Pulse)

High Rate Scale Factor 0.01481 0.01525 0.01410
(Arc Sec/Pulse)
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5.2 Drift Test Results

Appendix A contains the PSD plots and RMS noise

calculations of the gyro data for each drift test. Table 8

contains the RMS noise specifications for the RGA.

Since the Pointing and Control system uses a sample

time of 0.025 sec, the 0.025 sec accumulation tests were

considered the most critical. The PSD's of the 0.025 sec

accumulation time tests conducted at the CIGTF were very

comparable to similar tests conducted previously at Bendix in

Teterboro, NJ, indicating that there was little seismic

contribution to the PSD level or RMS rate noise. Tests of

other accumulation times had not been previously conducted

and analyzed, so comparison was not possible.

The gyro output was not low-pass filtered since it

would not be filtered during the mission; therefore, noise

above the frequency range of interest was allowed to fold

back due to aliasing, in some cases. Aliasing did not appear

to be significant in the 20 Hz and 100 Hz maximum frequency

tests (0.025 sec and 0.005 sec accumulation time tests), due

to the inherent low-pass filtering of the RGA system

frequency response. However, in the lower frequency (longer

accumulation time) tests, this caused the PSD noise levels to

appear higher than they actually were and to change with

frequency range.
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TABLE 8. SPACL TELESCOPE RATE GYRO ASSEMBLY SPECIFICATION

LMSC 4171761A

FREQ MAX RMS RATE NOISE
(Hz) (ARC SEC/SEC)

0.01-1.0 0.019

1.0 -2.0 0.047

2.0 -3.0 0.074

3.0 -4.0 0.101

4.0 -5.0 0.127

5.0-i0.0 0.463

10.0-20.0 1.242

0.01 -5.0 0.185

0.01-20.0 1.337
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An example of this is the Channel 2 data on 6 Jun,

over various frequency ranges. In Run 2-2 (Page A-28, 20 Hz

range) , the PSD level at 1 Hz was about 0.001 (arc
2

sec/sec) /hz and the RMS noise from 0 to 1 Hz was 0.0167 arc

sec/sec. In Run 2-5 (Page A-36, 100 Hz range), the PSD level

was the same. This indicates that the aliasing of noise

above 20 Hz was not significant at I Hz in Run 2-2. However,

in Run 2-7 (Page A-40, 2.5 Hz range), the PSD level was 0.01

(arc sec/sec) 2/Hz at 1 Hz and the RMS noise from 0 to 1 Hz

was 0.1394 arc sec/sec. This large increase in measured noise

over the 0 to 1 Hz range from Run 2-2 to Run 2-7 was not due

to an actual increase in the noise level; but instead, it was

due to noise above the frequency range of Run 2-7 (2.5 Hz)

folding back or aliasing. Therefore, it is cautioned that

the noise levels of the 40-minute and 3-hour tests contain

noise that has been aliased.

Run 5-1 (Page A-86) and Run 11-1 (Page A-162),

conducted on 11 and 19 Jun, respectively, had a lower PSD

level and a reduced total RMS noise compared with other

Channel 1 tests. Bendix representatives preliminarily

attributed this to an intermittent gyro failure that caused a

reduced bandwidth when the OA's were oriented vertical.

The Channel 2 1-minute tests with wheels enabled

(Run 1-5 (Page A-16), Run 2-5 (Page A-36), Run 5-5 (Page

A-96) and Run 6-2 (Page A-100)), show a spike at 80 Hz, which

Bendix attributed to a 320 Hz spike that aliased. The spike

followed the rate sensor when the electronics were swapped in

41
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Run 9-5 (Page A-136) and Run 10-5 (Page A-156).

Since there was no apparent seismic contribution to

the data, o~ily two seismometer plots are presented. Figure 3

shows the seismic PSD level on a typical test day. This

level was about the same for all seismometer orientations;

horizontal (with axis east-west) , horizontal (with axis

north/south), and vertical. The tiltmeters showed very little

activity during any test.

Figure 4 shows the seismic PSD level on 12 Jun 80,

the only day that differed significantly from a typical day.

Run 6-4 (Page A-104) appears to be the only test that shows

significant seismically induced noise. The rise in low

frequency noise may have been due to the higher seismic level

on that day (12 Jun)

. II ,~ i r.. ... i- ln i _ , .. ..' ! 4 . ' _ .: . .. _ ' , . ' -- ' ' z , 2 .: , : .... .-2.
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Two LVG tests, Run 8-4 (Page A-121) and Run 8-5

(Page A-123), displayed peculiarities in the time domain that

affected the PSD's. These are shown in Figures 5 and 6.

Figure 5 shows 2048 points of Run 8-4, starting with point

3073; Figure 6 shows the first 4096 points of Run 8-5. In

both tests there were periods of approximately 200 seconds

when the gyro output dropped, causing a large increase in the

low frequency PSD level. These fluctuations did not

correlate with any seismic or tilt fluctuations.
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6. CONCLUSIONS

Three Bendix PM 64 RIG gyros were tested from 2-19 Jun

80. Multi-position tests were used to determine g-sensitive

drift coefficients for each gyro and scale factors for each

gyro rate mode. Drift test data were used to calculate RMS

rate noise and to compute PSD's over various operating

conditions and frequency ranges of 100 Hz, 20 Hz, 2.5 Hz, and

0.25 Hz. The multi-position and drift tests yielded results

that were similar to previous tests conducted at Bendix. The

2.5 Hz and 0.25 tiz data contain noise that was aliased,

therefoie the PSD level and RMS rate noise are higher than

the actual noise levels of the system. There was no apparent

seismic contribution to the drift data, except possibly to

Run 6-4, which was conducted on a relatively seismically

noisy day and had a rise in the low frequency noise.

Two LVG tests, Runs 8-4 and 8--5, displayed peculiarities

in the time domain that affected the PSD's and did not

correlate with seismic data.
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APPENDIX A

This appendix contains the PSD plots and RMS noise

calculations of the gyro data for each drift test.

Figure A-1 is an example of a typical PSD plot. The

sections noted in Figure A-i are described below.

1. Title: Date, Run No., Channel Recorded,

Orientation, Status, Length of Test.

2. Ordinate scale (common logarithm of the PSD

magnitude) . The units for the ordinate are (arc

sec/sec) 2/ttz.

3. Abscissa scale (logarithm of the frequency). The

units of the abscissa are Hz.

4. Plot parameters:

N = No. of points in the PSD data block

DT = Accumulation time

T = Total time ot the PSD data block

DF = Frequercy resoluL4on

F = Maximum r,.equency of the PSD data block

5. The data have nten averaged logarithmically as

descLibed in Section 4.2.2 of the main body of this report.

Figure A-2 is an example ot a typical table of RMS noise

calculation values. The sections noted in Figure A-2 are

described below.

1. Title: Date, Run No., Channel Recorded,

Orientation, Status, Lenqth of Test, No. of complex points in

the Power Spectrum Block, Frequency Resolution of the Block

(DF), Maximum Frequency of the Block (F)

A-1
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2. Column headings and units.

3. RMS rate noise values calculated over various

intervals.

4. Total RMS rate noise calculated over the entire

frequency range.

A-2

4
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9 79,69 $9,05 .507

10 o65 09,61

,O100,60 1599
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JUN- 1 -t C-i1 ) A-li . LA ' I t. rChl U 4Lr/ rrl2snN/Ln/FN 40 MIN
* UJmritX ~IoS IN. !lLJC) lve'i. tF,F ARE .244141Emo2 250WLo

1~i.'~i. a AX I ~ WMS RAIE NUJSF

2 .1" .,4v

2 *1,,

"n .0 9 0 12 4

.,40 , o m . 173

1,20 '1SO

141.'0 1,4 02

15 1 4 1 , LA , o'2 41

1 1 .02b6

18 1.IA 1.8v .049

1 *o I *slI'o ~ o

201 1 2.b00 loI 14

j A-1.935
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~~-,~ L ;i N'.~ L. L /f/r)~ tr~U~~ 40~ M N

1; -3 !1 O O I V) . .. 4 AK 24 1t - . ...... tu'AL+

1IT V L iJ'w i tlAX 1 HMS HATE NUISE
tiZ HZ ARC SLC/SEC

. *2,' ,147

4 40 'w 111

7 o wiov ab Vin 2 2 6

12 1,1 , 1.26 .0322

H 1,2j 1.40 ,a321

14 1 21

18 1 7~ 1 6 142

1 )1 i g 0 0

2 v, 1 ,1229
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13u J -d L- L ; ~~ A ("I~ r Ct a niq/L I/rEN CH2S1UN /LU/LN 3 Hk

I (j- ~J I,~ "1 Is I tjI-UCr% w a 10Y'4. ,)F,F Ar<(' .4dd828 F-3 , *OL 0

1.4rPAqVAL- 4 M.~AX H ,MS WAIL NU15E
ARC SLC/SLC

Y, vi2 fO
23 .*.?5 vi0

4 oi 9

kA to 1

ii~~ V) *1

.12 12 * 7. 2

1.12 .13 02

.14 100it
5 w~228

.21 0042

.21 .21 04

.21 22 084

.23 i0

2 7 .26 00
.27.05

, 2 F '16 53
's A .29 0 4

12 .~v.31 0

33.52 OIAL59

.4.32 . .3 o f)

.53 .,54Z 5

)" .36 0b

'A.50, .3'9 .0008~

4 3 .41 .42 vb

44 *'42 .43 14 Ab8

4t..344 0004

-1 .*46 ,w )

48 0 47 .0.

4s)i .47 .48 (

t, 0 .4'149.0

2 .10 .2 0E247

.3 .20 ~ *29'05

4 .24 .59 o1U

1.39 .49 2s

IA 0k4 10 A-23
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1 oj JJ, 1"~ (i2 ;, tJ'o JA C2 Cpm1=ON/LU/EN LH28UN/LU/LN 3 HR

I 1IL.vAL 4 11,4 r MAX R 0MS RAIL NUISE

HZ hj ARC StC/SEC

03 Id 00 4

4 1 *kj4 IL'L

,vb ,,.II

.1 k6, o6

121

13 .1 00 .2

.14 OOV 
4 4

5 , l .21 ,kG 43

.24

,,
7  .2 53 

4

~~ri 7

.24

' ,Io .43

444 
.5 4

4.5~~ ~ vi.5 54 II

4 1003 b3 1

.j A-25 3

4,5 ,41 .1042
* A 1. 4 3

4" AA4 0 4

S I, .. .49 048
.44% 

04~*041

.2'

4 .29 .,39

I~ h. Ll A iai*,224
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C' Ji' 2- 1%~ J -10A 0A vit IAI,.~ Ii * aij' I N

V .~i 0 bg 07bO

4 Ji2521
7 !5v'i b,97 29

0,9 1.97 4I379

V.4,6 *01ft34b

10. 0 11.95,46b

Ib 14,94 15.94 .5217

16 16,Y.3 17.'93 08

1 *..O 4,9Sb30

1 V 2A 0 188311
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JilJO 22 L ; LiA - 4 T A G~i H;. CMINQN/I4dtN CH28ON/H/E. 5 MIN
0 CJMPLtX PIS IN .6UCN J8 IOL24. UF,F A; lvWjljk-ol .20iwiao+o2

IwTrRVAL mlN F MAX 1 RMS RATE NUISE
m7 liz ARC SLC/S.C

0.0 1 ;0, oI .
h .o0 1,99 031oO

4 2 49, 09a

6 4,98 5, 0 ,o1.3b8

7 :,.g b,97 ,I7i
a,97 7.97 61809
9 1,7t, 96 7b

10 0.96 Y,96 ,22o5

I lI1,95 12 ,@ 4551b3
14 t2,96 Io5 .3024

16 14b4 .3465

17 1a,04 1b,93 ,330

I ti, , , 218
I t 9t,2 ,a125

I4 ,08 4 d 178o
4,9 Ol,) 6 ,46io

3 Y, ib 14,94 ,0317
4 14,94 19,92 07148

1 V 21o , 00 1 7
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C.ImPLt-X P iS IN mLi'l(k t, a 10e.)F,F AkF lv53iNF-Al 2Fw4ot*o

i~r AVAL ,111 t NAA f NM kAlt NUlbt

'1 HZ ARC StC/SLC

2 1.L ' 199

3 Yo9 2,99 ,1152
4 ie wq ,1754

b o 4,9 .5954
) .98 4.9A bgb4

4 9 b , Oti236
6 .q/ 7,97 31b

I 'V 6,96 ..37e6

11 10,96 4464
12 V, 11,95 ,47bO
13 t so1-sld 95 .52/8

1 4 s4 -, 15 , 05 4941
11 jo.95 14,V4 04824
16 14,94 1Z.'4 *4792
17 1 S4 t l .!43 .b4 O

8 1tr.Y3 17.S3 .5379
ly 1 ,1.9 16 93 mb2bg

19,Q2 .5358

4 .9P .363
2 ., soi 7441

4 1 ,94 1.1722
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0 ) J U,% ?-6 t, it. ; ; tA - 04 1- L ) -. c( j1 y/Hi/tN Cf128ON/H.I/EN 20 M'IN

4 LJMP.Lt PIS I N O5LH(.A 1024. 1) F AN . ,1V313E-l *20100160L02

INTERVAL 4 Mu, F MAx t HMS KATE NUISE

H Z ARC StC/SEC

2 I.1 okIVQ,W31 3
1,49 2,99 Oh6b2

4 6 .y ,h .931
00 .1237

4 ,j ?1,98 m14bot

n,97 1.97 ,1845

1 W11 sot%' k3 11~

11 go ti 541

14 1;, 1 1 'ob 2819
1) I1,. 5 11,94 2940

1b 14,94 I?4321

18 1,93 17o93 ,3326
1g 17,3 I b,,So1 44

20 19,92 .32W7

4 ~ 4 '1 176

.3 , 61 . 41 )11
4 14,94 L I y 2 1498

0 LA (A 1,11/2
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db i Nd -4 i t ;kI A Fm I L CHI --t1N/H1 /t N LHi98UN/941/t.N MIN
b :MPLEX PTS 1,, BLUCK VI 2 1A 24. iUF, AKE *g?6tl6,E-Alj '100000E+3

1NITVA 1l AX Vr RmS RATE NOISE
H-z ARC SLL/SEC

b 1, V,

31,4.92 2,2QJ91
42io 3S s4 2.b7lg

5V7 1.b60bQ

89.65 ,2204
1. Y.1 1.kw202
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A.) JU 2 .rI 2 QAH I A C91i? CHI =0:4/t l Cr2 =ON /HI/ tN I MIN
SCJMPLtx fr') 'iN dtLUCA Via 1024. i),F Ai*F 99765b66E-rA 1000L0

IvTERVAL MINk MAX H MS kAft NUISE

Z ARC StC/SEC

526
tW,1 9 29 OR 1,1170

4 29 ,i8 3 0 .4 be~b2

5 3934 4,,b0 b348
t, 49,60 5V.77 ,b393

/79 7 6 ,7' , 107
h9,bg73 /v,bg 5ob2

9 /lbo O 8 .0C15 2.0575

8 01~ns 99,01 044bi
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A~j jtl'i 2- ri .'A-H TA LH1 C (H12UN/HI/LN CH22ON/H.I/EN 40 MIN

0 CJMPLtA PIS IN 61.kL:P% )s JOJ4 iF,F AWE .244141t-02 o200t0

14TEHV4L 4ItN I- HAA H mS wATC NUIbE
Z H I RC ScC/5LC

1i IAv '001

4 kq', *41 * t4 It

7~~~ 0t~ */A14 4

Ol1b2

12 1.W 120 *w2 45

13 13 201 00245

14 1"01. 1 0 7

19 11 Ai.9(A05

'41 0 100346

2 10 2 .20 o35

24 ,5 V, 4 oo 74I

I 1.0 0 ,(AW4 5

2 
0.I j 4i
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Jw CJMPL x PIS Ity tiLUCt 10 10;4, LOFF AWE .24AI41E E42 .25010 O06t 1

IVTLRVAL 0WI rI- mAX F kMS RATE NOISE
mz MARC SEC/SEC

V- ,vi.O A 19 w28
2I , 102L 0063

6 20'i v , o1163

4 04 .41 ,0144

540i 3 *l/7
00 0 226

2 90 .. 1244

05 9.4 1,A .w309

it 1,00 1,!e ,0406
14 1,7o 1.4A .0462

19 I'o19 08

22 2,0 !me0, d6.

23 X12 2.3o .0628

24 13 W,40 0i!

2 1 V41 V)016i48

1 ,2,5(A ,258
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6t3 JOIN e)%hA LHI ; UA-H- 1A& LmI1 t LHIBULN/H1/ -N CM20ON/HI/EN 3 H
9 CU1MPLL.X PIS i;. HLtJCK viZ- lv)2'4 bF,F AkF .244141E.06 *25910L*00

MNMAX F 1RMS hA1E NOISE
hztil AR~C StC/SLC

2 .01 01200

4 L43 04 00b14

5 i 4 ,0 6 1
6 t'5 b 023

"0 .04702

10 .1V.54

1'i fAi5 h1

.16 .13 04

Id .17 .18 'db
19 .16, I g 1600(

201l '2m 0008

12 i~l .22 ob
21) "~22 .3wb

24 92)24 i(D

I w v ,I' 00Ir70
2 10 .20 14241

1 V'.L'7 *!i *k267
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5JN 2-80 CH,4 , :,A-H I A L?.H LHsUN/HI/LN C-T2aN/HI/EN 6 MR
4 C)MPLLX PIS l,4 6LUCK vim 104o L)F.r ARF *244141k-. 0250U00

1 1FAL m Ax F MS RATE NOISE
Hi HZ AWC SLC/SLC

2 0010
3 v%2 ,0-i W t

4 .43 ,1)4  09512
5 ,4 , 5 1001g
b .V)5 0~6 o1

7 loo I1 b

2194 v o461

13 .12 1 123
14 .1 .1400.2
15 .14 sP lai29

17 IbE .17 441

.d 211 .21 l b
22 .21 .e2 o5

2's?5 .25 00.56
24 .2 .4 *V039

2 20 ~ *2L1 .liob

L s9 W'14-9
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L) IU i1 il LIAI4 TA0 1I K CHI SUN/-II/LFF CHWBON/L u/OFI I
w CJMPLLX PiS IN t1LuC 0- 1 024, LFF AF IY5014E-01 20000t+02

11ILN'VAL 4 MIN MAX F HMS KATF NObE
H Z I ARC StC/SLC

kf3 1,0 16 b

4 ., X,21t

8 b,Y7 7,97 l

9, . 1, w9 111612 . 4 t w I

lb 14,b4 .Yt04 tI

12 114,,f; 1 9W

2 *,' 12 . )42
14 14*YA iob

4 14.94 Io92 .oIt

I I . "4, , II 4 1
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A4 .i J O -12 LM21 ; iA-h 1 A LH~c A L 0 LN / L /U H IHe 0 N 0 U/ uF b MIN
IW CJPL PIS IN ti. ULN vi 0);e4. 0,F~ AtdL .O)I6f6E.l 200000L+02

I ~VAIMI t AN F KMs RAIL NUISE
i ARC SeC/SEC

4 qt

b.91 /,,7 2Jb94 I.8 o. o 267

4 12,9b h 2,e b

bb1 9 I .9t) . , 5 31t2 11,91 o233

I bI) h 14,4V4 . b2 4
14,94 l .4 f4231

19 9 d so .0 ,5

4 4 1 9 . 'o514
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ADA092 515 ARMAMENT DIV (AFSC) EGLIN AFB FL F/B X2/2

SCALE FACTOR AND NOISE PERFORMANCE TESTS OF THE BENDIX CORPORAT--ETC(U
AUG 80 R KIMP J HOFFMAN
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OJi JUN' .3-SA CHI UA-H JA Lt1l L CHIwuN/LU/0Ff CH2sUN/LQ/UFF 295 MIN
4 CUMPLLX FTS IN' tiLUCA' On 10a24, OFVF ARE *19541.3t.IO *2000L08s.2

INTERVAL 4 MIN MAX F NMS RATE NU13E
H7 l ARC SEC/SEC

21* 1,99 ,iC1!b3
.3 .99 id 99 16196

4 2,9) .3,98 eVI
5 .3,9a 4,98 08216
o 4,98 5098 (0208
7 b'98 0,97 060
a D'V7 7,97 (Old@
9 1,97 tl,96 10198

t996-,96 .8185
11 Y 118.96 08172

1.3 11.,95 12,95 08167
14 12.95 13,95 '0171
Is i3,95 14,94 0w177
16 14,94 15,W4 08167
17 15.94 10093 '0170
18 16,93 J1,93 '*wlbs

20 18.w3 19,92 @0164

1 4,98 5
2 4,Y14t 9006 l .
.3 '9'si 14.94 08394
4 14,914 19,92 08377

I~~ "'"' (6.9I884
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FETCH Ox

09 JUN ,-3s (He ; UA-r4 IA LH2 w HIs'UN/LU/UFP GH28ON/LUI/PF 2,b MIN

0 CUMPLLX PIS IN dLUCK Of 1624, UFIF ARE 91953taE-f1 *200008t*0
2

IIRIVAL 0 MINd F MAX F kM$ RATE NOISE

z r4Z ARC StC'SEC

I vi o100o 
007

2 a 0 1,99 015l2

3 1,v 2,99 ,1673

4 W099 3,98 0&193

b 4,94 b98 ,0234

7 b,98 b,97 *d234

9 0,97 7,97 ,0227

9 /*, oz ,96 03

9. a96 1(6,96 0~217
12 1oo b i1,95 ,0236

13 11.95 12005 2W 8

14 12,95 1 ,95 121

15 13.95 14o104 .0216

10 14,4 5,94 .1,226

17 15,04 16,93 1*206
18 lb,g3 17,93 o0267

19 17.s 17,93 14216

16.93 19.92 ,122 1

4 ,90 146

2 4,WH .9,96.42

3vg 
14.9A *0483

4 t4,94 19o92 004 8 3

I 2~ ~64 0939
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914 JUN~ 3-4 CHIl ; vA-U4 TA Clit r CHI1UUN/I QOFF CI429UN/LO/(FF I MIN
0 CJMPL&.X FTS IN ,OLOC' on 10124. uPF,F AkF .9765fiaStRl tI~mMWkflt*v3

1%~.EA ilN m Ax 16 WAS RATE Nolbf
.4JAsir it('3Sca

1I60 WD,96 .10567
2 90619,92 '1053IS

3 19*92 29,84 46
4 2Vd,88 39,tj4(65

j 4I8 4 59.77 04b

7)v 610,3 .16526
68,7 79,69 .05

9 7vb 89.65 .0828
1089,65 99.61 90913
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4b Ju'4 .3.5 L;H2 ; OA.'4 IA 042 V, CHISON/LO/0FF CH2mQN/LU/UPF 1 MIN

4 CJMPLtX PIS IiA 00I'C'K WX 1e'24, L)FF ARF qjb64f3t-oj 41000L*W23

ijrER~VAL F MAX P fRMS RIATE NOISE

Piz H7 AR~C stSC

2 92 .0722

.5 ~29,80 0(66 77

S~ob4 49,dP 65
44,131 69,77 .6b5

69"~/3 79,62 011728

9710,69 sbo, b5 116816
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0 JUN 3-b CHI UA-h IA (>11 L CHUON/LO/OFF CH2SON/LO/OFF 40 MIN
N CJMPLtX PIS IN dLUCA on 1424, OFF ARE *244141E-02 *25000@+1

ITE4VAL 4 MIN M 1AX P RMS RATE NOISE
Piz MZ ARC SLC/SEC

1,0 '10 *Iaia~
2 , 4 2 "al
3 '2 "0. o19
4 .3 .40 .24
840 m).407e29

9 bo'9 .642

11 1-1I o 1 19 104
12 1.10 1,201 , WY47

15 1.40 100 .0
16 14508 1,6(0 *If&b7

18 1.10 1.80 05

21 2,o 2.10 0060b
22 2.1A 2,24 659
23 2,29 ~ 2.518 *10b4
24 d.1 2.40 (b

2 1611 2 of il73

1 2.5 0240A
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A JUN 6-7 CH2 ;J)A-m IA CH2 w CHIION/Ln/nFF CH2flN/LO/OFF 40 MIN
M CjMPLtX PIS 114 mL JCN lo 1024, UFF ARE *2441t-2 o25 00k I1

INTERVAL 4 MIN - MAX F RMS RATE NOISE
H7 HZ ARC SkC/SLC

vi 107 '014 W6b

"I *, 1,io31

2i ', .30 L4 1

14 ,So40 A

. 6 i ( sr~

1004

1 2.Ia 01 JAlg)Q

22 2140 110 6 i .3wo

14 1 0 19 9145

20 1 1. 24 00

22 01 220 od1

I Ohjd 1,0 009

A-61



-- - I- -

A-62



09 J04 .-bA LHI I UA-4 IA CHI F CMlvUN/L0/UFf CH28ON/L01UFF 4 MR

0 COMPLX PIS IN dLUC 00 1024, UFjF AMR 4414JE-03 2500t4

I4TERVAL 4 MIN P MAX F RMS RATE NOISE
HZ NZ ARC SEC/SEC

V I o2 00141
S,2 ,ow3 , 00024 .0 31 6 4 1 0 0 2

v; ,)4 ,(5 ,0fA3

7 k06 , (A 7 wow

.09 I so,615
IV, it ~ .16 005

oi ln .12 of
3 .12 .13 th8

14 .13 .14 (dO
1t5 14 .15 fa

1? .16 .17 09107
18 .17 eta (0007
1,9 0 to .19 SOW0

20 Si '2'1 .00167
21 .20 ;eI 1i

pe1 ,22 , w2l

23 e.22 .23 16008
24.23 .24 Sales

I ,1 0000loSom
2 '10 '20020
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44 JUN S-AdL Lt2 ; JAinH 1A LHMe v. jMUN/LO/QFI C,42.ON/LOIUFF .3 mR
4 CUPLkX PIS IN mL)CJ, vi 1024, UFF ARE .244414lE- 25fA~e l6

lvVfRvAL 4 MIN F MAX f RMS RATE NOISE
NZ HZ ARC SEC/SEC

1 weld~ ~5 *Sk1
2 ,11 .W2 ole 1
3 o2 .3 o012
4 23 164 WP@2
5 614d *I!5000
6 41 ,Li6 (a" 103
7 10 ,fFd
8 '0710 id f#
9.09 OF16 4

12.1 1
13 .. 12 .13

.4 13 .14(06

.1)14 .15 ,160
16i 1 b '16 ,0F
17 .16 .17 60
18 .17 '181
19 is8 '19

.21.2%(. 12
ie2.21 .22a

2.3 022 23 00
24.23 '2d 000

1 4 OWL ,I A 0010i
2 1 vi *20 (62

.25162
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lei j, 4-1 Lm~ k A-M j A L01 t (;H1UNI.4i/UFI LHZXUN/H1/LJFI b I
a C-IMPLLX PIS ]., tjLiUf ',m 1r024. .i *F ARF ,9531 - l o2Piaok8td2

rItrvA . o , MAX F HMS RATE NOISE
Piz ARC 5C/5IEC

2 1 ,A& 1o0 (0376

5 lay') ?,yQ 08604

4 .9.,8 - F

v .17 01033

S,77.W7 ,1759

10 too fi 22 37
1 1 vt%14,, 6 .;5b6

12 1 v.4o, 11,95 3(616

tJi 120ob 32b5
14 le.,b 1,.9b .3618
1 3 14,W4 *39S6
lei 14,94 0,94 o4286

1/ 1!oY4 lb,93 o4334

1 kt). 3 1 7 S03 4197

c1/,43 l* 03 *4264
I so 1 9p43,37

I 4 som 1513

14.44 19,9P 9579
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ft-.JlM 2L tA iS 1 H utLuiCr f% 1'Y4, i,-F AW .195~313Em01 *2008E0If*e2

14rERvAL I . I- MAX P NM iATE NOISE
-zHZ ARC SLC/SEC

Is

1o1131

7 St, S7 *1660;s
15 co 1,971876

n~wfiW,962635
so I1.96 ,2843

t~~ ,.,2. l.9b , W50

14 15.952820i

,5 14,94 b2/
4 14.94 1.Y2 ,597a
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14 JPN~ 4-3iA Lill ; LiA-rl 1A Lill L L~i3tjN/btI/UP1' LH UUN/,41/LF 2.95 MIN.
. CiM?-LtX PIS 1,, bL.UC' 3 102.4o jFF AF . 15 616E-ou *200000+d2

[IL L. ;, I, MAX P RMS RATE NOISE
tL HZ ARC StC/StC

2 1..+ .+g.97

4.99 e.g99 0577
4 e.99 3,98 o746
b 'J098 4,98 e1075

t 4.40 b,9 y1222
1 ") . 4 t.97 '1516
b.,j7 /,97 o1729
9 /.W7 b,9 o1834

it :. si 10b,96 .2438
1 6..t(%11.15 *2730P

13 11.V5 1 3250
14 1;eg I0. 9')l4Wb 7
15 1j,ios 14,94 o3623

16 1 4,4 12!*44 3937
17 1 '), V4 1 b ,SO3 04078

18 16,.95 17.93 o4417
19 1/..93 jb.so .4574
2 0 1,v3 1S,92 4542

b..14.~ 081489
14 , i$5 ,9(,3932

-4 io 14.94 7 (A 17
4 14,94 19,92 o63

20 2i, vi 1,2757

1 ~A-71

'4 m ri,- . ,: -



ii

I

I I I

-at

NN

91 I

.1i

SI

A-7I-

A-72I!

.4'



CLJf'PL ) P'i5 1 , titUCr, .Jx jvj4, k)F,F AHF 0 1 56 .f -CAI 2000 0t+02

ZI 4imjVAL I. 1MAA R NM RATE NOISE
Piz .ARC StC/StC

2 1.,v 1.99 oI 371
2,9

4 .Y 2o96 *0640
4 ;2oY9 .o9(6791

5.,OH 4,W8 *1164
4 .,48 .98 .1363

I/s 6 b,97 , 170A
8 o/ /.97 ,1895

.91 cs,96 *2290
10 6oOa 9.96 *26bg
it 9,96 10,96 2746

12 1 11,95 *2648
i, 11Sh1 2.95 *2641
t 4 12. lS1,5 f ,w52674
15 1.,95 14.94 2bk
1 14.94 15,94 *2605
1/ 1b*94 lb93 .2417
id lb,93 1j,&3 .2418

1/.913 ld.93 2612

1 d .93 1992 ,2629

4.~ 15so8
2 4,6 9,96 .4552

;4 b 14,94 514o495

4 l4. 4 19,92 o5712
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Ic JIc'4 L41 L'A'" IA L~l CHIZ1N/rfl/uFr (A23i UN/Hl/i I MIN

1 41Lk V AL 14 ri11 IXI MS K(ATE. NOISE
t17 P17 ARiC SLC/SLC

2 1400i2 b74~9
,2 29.bH1 ti'46

4 2so.e58 39.oA 1 ,4 1 b2

aq9~ 1,1343
99,bl I ,ki923

Vi I o VIP3,V617
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Ii ejj 'I,4 -.6 C H2 A A-H1 IA L~ PIdHIZLJN/H1/UJFV LH42%ON/Hl/UJF I MIN
a$ C.IMPLrA PIS 1,, L)LJt'% 11 Jv24. t), AWE .976064F-01 j~~vtw

li~VA li-N I" mAX lo WMS WAE NUISE
i HZ ARC SkC/Skt

2 oI;l 92 ts 6 (d
I Y 9; 2v~dRb 411

4 3J~,64 .b274

h S917 l6bOt

99l.bi b6bq

1 1~4O.~,W 2,3414
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lj' -= C41 ; UA-'i IA 14 I t jHI=UN/HlI/Fl- CH29UN/HI/UFP 40 HJN
4dCuPLcx fIS IN oLUCA 02 1i24. I,)FF ANE *244141E-2 *250"OOL+01

14.EkVAL 4 MIN r MAX RMS RATE NUIbE
HZ ARC SEC/StC

IV 20( 00~41

4 .2,A .41 1606

b !> t 1 i

6 o '0186
910 .0215

IVA 1600 227

14 10601.40 m21o

1 1, 4v l.bo '16338
1 1 0.13 A1,60 3,36
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W JP40PtX 0)1 ,ILUCI% -s 1-624, iF,F AWE .74414LE-2 *25w0t~Io

j iTc.VAt. MI t MAX V WMS NAlt NUISE
i MZ ARC StC/SLC

A el-4, 4 ' o b
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'CJMW~LLA PI 1. :3UC 12 1"V4'. .jFF ArE .24414 1t-045 25163100t+0

I14vAL O T MAX M MS HAlE NuIbE
1L HZ ARC SEC/SEC

1 .168 .W d 0

a o 12 00

02 ' 163 0 d i!

4 .i3 .u4 (6(409
5 tos 0 a12

6 0~6 io
7 .6 .727 1

.8 '08 Odole
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9.10 0 0 23

1 7 .i1 .12 9 11
14 .1 .14860.

19 . 18 '19 f A
20i '19 '20 ~ '(668f
21 '0.21 WO42
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hIA JtJU' 4-iif k 4~';e jA - IA L H 4 CHIuUN/HI4/UFF CH280N/I/UFP 3 HR4

4 .JI'L PIS IN 6LOC. ion 104 uFpF ARE *244141E-03 .2500dU+00

i'.rqv.AL PM PIrv I- MAA F WMS IEAIE NOISE
HiZ HZ ARC SLC/5LC

4 .0~34
k1~4 *k5 klw

.0h 00 14
8 ioW.10

q W 9 10017

41 *1(A 6 2

12 it~ .12 116IA21
111 .12 116 5

t ).15 A0028
1b .16 io@2
17 .16 .0 o7i

18 .1? .18 og3
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,d4. 23 .24 9 io A 3 7
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Iij~ ~~ ~q A-v I A LJ' LH I NUN/LUj/t N (.HNdUNP/L U/LN 0 MIN

y~~A m prA mAx f 'MS RATE~ NoJSk
oLHZ ARC~ SLCISLC

1,99 2'99 i6O
4 2 ,9;) .31913w
5 1,98 401 0(

7 ,. 1 4 ,!7 *Iklb
8 US7 /.,91 91044

9 1,g7 b 91S, 05
10 6,9 v gs1023

13 11,4b 1.95 ,igi
14 12.95 13. 195 16922
15 1 J "95 14,94 , (8 b7

1614,Y4 15.904 63
171394 lb,93 186

19 il,93 18.93 04
20t.319.92 0~49

v1 , 64 0 4,98 , 15 b4

bo.~96 14,94 2k
4 t4.94 19.92 13
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ICJmeKt PTS ij,. tiLUL,% on 1024, UF,F ANi .b161E-01 *200040IkL+02

i FC.RVA1. ,N MAX k RMS WATE NOISE
zt ARC SLC/SLC

2 1,00 1,99 '1374
.1.yq9 2,99 145)8
4' 99 )o96 Ot7.9

j.98 4.9i *14b2
t.98 .1311

/ . o.97 *1474
o. 7/o97 ,1665

.97 d . 06 ,2917

12 t 11.9s 20
li 11,i5 12,9-5 2441

14 12. 13,95 ,2435
I 1. 'J5 14,94 .2456

16 14.94 1t,94 .25b7
1 l.94 10.,9 .2717

./.3 ,93 26

16.92 .2568

2 4.9H S.95 .4396
9 'yh 14,94 b27Y

4 14.'44 19,92 ,b~b9
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10,4 ')I -.3A H ; OA-V IA CH C~ j=IUN/LU/EN L.H2m%)N/LU/tN ; v MIN
SCJM PL - PIS 114 OLOd viz 1024, uFF ARE iv 5al3E-v owsoot+02

T:WVAL ml I MAX F HMS RATE NOISE
Htz HZ ARC SLC/SEC

2 tow 1,99 0510
1,99 2,90 .14768

4 2. 3.98 0i797
.3.9 4.98 o945

4.914 b.98 *k1941
7 5.9n 6.97 0952
i o.47 1.97 .1153

/.7 b.gh .IH46

ii ~.Y', 1o.96 ,1~
? V), 11.95 , Fg44

11.95 14.9blv94
1.4 14.95 1 h0.5 ,Ig4
1b 13.Yb 14.94 *id83 7
17 t1. 4 16.93 .0840

1?I t) .93 1 S3o6

19 17 193 18 ,9 Ws 774

1. 4,98 o15b3
2 4.'8 9.Y6 o2315

Y . 14.94 .2133
4 14.94 19.92 ,1779
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jh -'i LAJ i jA-V IA Olli (I-IIZUN/.L,/LN C'4dUUN/LU/tN I MIN
.Jll~'-t-x P'I S 1,-j tiLk''C" v 102d4. OF , AHI .976a3L-01 * 1 ovwio4L403

r1 r NAX M5 RATE~ NUISE

V. v . o 6 29k12
2 1o.92 1291S9

4 29.,s4 39e% 1819
3 .r 1,to1434

/ ~69.7A 1/

7 -9. 8to ,b 5.1148
9v . t) 1 .1128

I '.*~ 1~~*I~~ bQ12
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11 iu-4 ' -i LI42 ;oA-V IA 01t1 N LHaNLjL CHJ§0UN/L0/tN I MIN

"' 1* I pJP L ) TS .1i 04U L v)3 F Aw f .9 7 6 b 6 SE -0 l o p o t 0

i,4rtIvAL MI1N 1MAX F~ (ms IkAYE NOISE

HZ1 e7 ARC SbC/StC

2

4 29,d 
47b

b* 4.9,d 5o 7

1 9"//6 v 173 , Isloo

ki ri'i 73 7y,b9 ,47MI5
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Js jj' U -! CI ; UA-V JA L(1 N LrIIOFF CN28UN/LG/EN 5 MIN
rA -i I~ t ' L CK0 e4 , sIFDF ARE *195513Euv1 .2000MS*02

t v AL. 4 iN ?MAX P HMS RATE NOISE
mMz ARC SEC/SEC

1,, W 1o99 'W385
3 1.99 2,99 .0574
4 2.99 4,98 W1512

5 "b4.98 .1302
0 4,98 D*b1336
/ ,9 bel07 .1564
8 o,47 7,97 '1657
9 IV7 8,96 .2011

14 , 9,96 .2119
it 9..96 .2229

12 1 ,96 11,95 02556
13 11,95 1ie95 '2597
14 1ie*Y5 13,95 02401
15 1.95 14.94 o2719
16 14,94 15,94 .2643
17 15,94 l0e93 02691

to 10,9s 17,13 .2634
19 11.93 1d,93 o2554

21.43 19.92 .2596

1 0,0 0 4,98 '1690
2 4,98 9,96 ,3948
3 9,W6 14,94 :5604
4 14,04 19.92 '5868
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1; iv #)-2 Cr12 3UA-V iA CHiI 14 Cmll;UFF CH2wON/LO/EN I MIN

1NTLARVAL 4 tl;4 MAX V RMS RATE NOISE
HZ HlZ ARC SEC/SEC

O11( 9164147

41b 39o44754

6))/ 69,73 11090
bt.3dob *16979

9 7Y,69 m,6 4750
E49,5 C),61 10683

A- 101



ca I

2

I I

I

~nI a I. Lb.

A-10



12 JUN 6-3 CH2 I A-V IA Cmi N CHlUOFF CH24ON/LVO/EN 40 MIN
0 COMPLEX PTS IN OLUCK W8 1024, VFpF ARE s244141Ea02 *253800E*1

I4TERVAL MI1 F MAX F RMS RATE NOISE
HZ HZ ARC SEC/SEC

0,00 '10 10017
2 1i .20 0o35
3 2630 05
4 ,30 .40 ,i076
5 40 50 .(098
6 ,5L ,60 ,0112
7 o60 .70 '0131
8 '70 0154

.80 ,9 10187
10 90 1,w0 ,0196
11 1,00 1,10 .0217
12 1.10 1,20 ,0221
13 1,20 1,30 ,0240
14 1,30 1.40 *0250
15 1,40 1,50 ,0265
16 1,50 1,80 .0274
17 1,80 1.70 *0285
18 1.70 1,80 .0300
19 1.83 1.90 10321
20 1,90 2.00 10318
21 2.00 2,10 0337
22 2,10 2,20 01024
23 2.20 2,30 ,0322
24 23 2,40 0334

1 0,d0 1,00 *0362
2 1,2 26 0858

10, 2,50 ,1196
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t r j'm f 1.Lx b . k u L N , Ci). ,F k I- r ,24414 E-3', 12500 J t +00

I 41 AL , N flA F WMS NATlf. NOTbf

HZ ARC StC/SLt

4 1vj ,) , 4 000P

7 . , 7, 122

d ,7 08e 1014!)
2 • ,12. 2,b4

19 121

I,$~~v 2, tPl}, 2

14 4 o 2t3

.14 .15 I

ld 17 10R SO W

19 .18,i)o 3}
s2(A o212

21 .14 21 i6322
.2 , 1,22, 30

1 *.24

LJ I

~1A 2VI 908b4

1 .2')t *118
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5 jt IU. %-1 ~V I. A-fl I A'Jfl/ ) L~du4/LJ/N !3 MIN
t~CJMkLtx F'iS IN 6LtiCF a I?4e. ttF,l APkE *195316k-041 201400Jk*0,2

ll(4LkvAL MAX P 905 IRA7E NU18E
'17 MZAR~C SLC/SEC

Ii3I

1.99 .9() 0.2

4 2,9Y 3,94 O

7 9*8 0,97 0 b72
1.07/97 0k972

14 1 97 0, %o6 *1 91
I,.h 16,6 .16/8

1? 1,9e 11.95 .1931
13 ~le 95206

14 ;e ' 95 e10
1 11) 11 .105 14,94 ,i 4

16 14.94 ib,94 .2119
1t:,4lb.93 .2144

1" m It)koA 17.93 , 1770

141 4h 3.19

144.9 .9' 2309J

414.94 19,S02 *4254

vt . J )V0 5
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,5 f-, L.e H'~ I A -I I v[;mijN/L r'/EN LHj?9UN/LU/tN 5 MINi
COMPPL&X 'I S 11-4 08J~ I 1 Vie4, OF 'F Awl: *19D531JEsi *20WIFIVt+2

MIN t!r ,iAX F RMS RATE NUISE
Hz HZ ARC StC/SLC

6 1 , Q 2'sog. '57 5
4 3,SO8 .08,3
ho 4,Yt .1748

b4.9.b ,8 .s1261
7 :o9H 9b97 14PO

u.97 7o 7 '1711

it VoYb *.q .t42

1?11, 1,9b o2145

14 1 ;". b " t ao095 , 22J5
11 10.95 14.V4 o2433
b 4,94 1,Y4 ,22S0

17 i1).y4 16,93 .2232

19 1/.9 i/.y,3 2451

I4, S8.2 5
2 4, 9.96 o38b2

14.'44 19,92 'bt #b
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13 JUN% 7-6 LVU W LA-d4 1Aw LY681N/LO/LN CH2uUN/LU/LN I MIN
SCJMOJLLX PIS 114 bLUJ(A VN 11k4 UF,F AWF 1976564foot o10ovaut*03

l4TLRvAL, 4 I MAX F HMS8 RATE NOISE
liZ IZ ARr stc/stX

I to~ ,oE o.627(61
2 9,V6 19,92 7?518
13 1w,92 2hi.88 6752
4 2v im ~ 3SO,84 11965

3,44$0,80 1129
49b 59,7 ,00

1 5$0,7 0j9 .3 16~494
69~,73 7'j.613046
79,~I69 "g.b.0 0~341

iI0 $9,65 99,01 io7274

VI JA (A 1(4 fd ,klA 91 o16
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Ii JLI 7-4 1Vi ; ,A-14 IA-J I vGaONtL(1/EN CH28ON/LO/EN 416 MIN

0 CIJMPLt PIS I' dLC tol i 12U D f)FF AWF *24414E-m0 .250W~AL*01

14TEwvAL H rITN N MAX F HMS RATE NUIbk
H7 HZ ARC SECISLC

7 .0 7022
3 2' 0033

4 '.30 40 004 7

6 .0 691 O *i7 1

W L1w 1. ~ .1W

21 *9111 014813 102", 0153

14 1.3w1 1A '610

18 1 ./ 7 I6(d1 1b
19 1 'k~$ I,1go *i Ib5

21.1w 2.2Iw , 0217

1 0,00 fLm 0(264
2 . 2 , oi , w 53 5
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IJMP W PIS I ,ILUCK on 14;24. I,FF A&i .244l41EwO6 .25000It-+00

ITkVAL m '1,' k MAX I WMS RATE NOISE
HZ ARC StC/SLC
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id 0 12
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17 .617 100R

IQ vi .1910 2
?04 .19 2 62

22 .21 .22 .;I(
.21 2.23 0021

28 ?2 1 24 *.0022

I Vi CA ' .0f, 24
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1-IIRVAL Uii F MAX F WMS RAIE NUISE

H I ARC SLCISLC

I 
1.

2 1 , 7 ,9168

's ,Y 169 IAg . 78

t3 l*. 12 95 I77

4, 14.94 q ).4 0 1 d4

17 lisi 
l. L' I

27 
b0 3,97 .0174

/,97 tih96 242

3 1 t 12,95 .0373

14 1,5, 5 P,36

14,4 14,V4 ,03/7

17T 1 a 4 0
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4.9S , !1 .049

3~~~ 149 wb4
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1) 1 1) A- - ti 
MIN ~:'NLIfI t2fNL~/]F

1.51"1 U 1,I k rAx F HMS RATE NOISE

zdZ ARC SC/5LC

2 ,. 9

5,YK 0,24 7

7 b,97 .02b9

9 7.97 ,,d6 id218

I). y 9,96 1

12 1ld 1,9) .02b5
t3 11,'e, 95 4 2b4

141.95 4~273
1 1 114,91 14 W 4  0 275

1 I,,9 lb,93 .0273

It 10,93 17,93 .02W2

19 11, 3 1 3 , 02b.9 4

4 V ,, 0,* , 421

414.94 19.92 t i-

1 V1 vb V) 1 .d11.31
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I ' j UN L-3 3 ; ijA-H4 TA-1 L.Vf'sN/Lfl/(OtF C'l2xflN/Ll/O)FF I MIN

1I4TER4AL ml. IAA P- WMS RAYE NUISE
Hz tiz ARC SLC/StC

2 120 2

3 2;0.b2 *1,7

4 3fd.8410 1

5 39 84 9a00b

6 4Y85i.*7 105
7 5y16:0 13 661
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# CJ'PLtX PIS $jN oLUCK ,, 14;24, VI; AHI .244141E-1 *25wr.VtIwl

IvTERvAL 4 lTN I MAX F RMS WAIE NOISE
HZ H7 ARC SLC/SEC

g , 0 ,g 2fA'(014

2 11 1' ,

aO l~ *o1 , o6

4 3o

1)4

b t Ak1i4
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4 CJMPLLx P IS ;.N tiLOC on j~a (jF, OF Aoi 24414I -04 , *2 d~*t+

1,4rtyvAL 84 1-11 f PN MS RlE NOITSE
'1' P4z ARC SLC/5fC

4 V4, AV 4w

h2 . IIIIw~~o
II (A ~ I oli s
I 1 .12 oos

12 .2.1 1f i v

I 4 AI b I (a14 o5
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I/ JON~ Y-1 CO-11 K~' L~ LCU ; 'PA-H IA CHI L LHluLH2sUN/LO/LN bMIN
10 COMPLt.* Pirs 1,, bLiLUK> v= je4, uFpF AgKd .195.3taEVIl 2VWOWt*Ot2

J'4TLRAL '4 MIIN MAX 1 iM$ kATE NUISE
HiL ARC St.C/StC

1 1 ',kjov ~2 13
2 1,'~ liqd *d5b 4

4 4,9 .8 .1241

4,9 b9- *3447

7 b,98 09 2b
o.97 1/,a270

9/.qi/ 6,5I'6 .3996

i . ,41) t 19.531
119 12I,95 29

J~e .9 b 1, b053241
lb A . y5 14,.94364
lb14.to4 15,94 .2797

11t l. So4 o , v3 .2819

18I/.- 18:9s 2S5

o99 .2728

.1 V,4,9M 3828
2',, q' '49 60514

4 1,1.94 19.9? ()bl
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j / 4- fJiN kO I~i L LI t,'t A I-H I A (,"2 to LH I aLH~UN/LO/tN 5 MIN

l1iTLRVAL a4 ml~j F MAX k MS R'ATE NUISE
niHI7 ARC StL/St.

12 1.sv 1,9 37 2
3 1 Y9 w . !09 8

42 4 3,98idt1
.3 .%01 4,99 2 s8

4.,o8 t.l 29A

A4 n.9 97 1W

1,97 01.965I0

1 2 .5 ..2244

1b 14,94 1 b . A .4 j8

1. o 3 19.92 .234

a .,9
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4 14.,44 19,9? 24

6- . )At

A-i I



LI I I I g N

K I I I

U I I I

c'J

I I I
I I I I

01 I I

I I I I

I I I I

I I

I) I

I I I I I 3
1T1

N
A~~I I I I I

I I I I
I I I I I

I
-, I I I I

I Ii

- NvvI I f
LnS

ii Ii II I ii
I-. Id-

I'~I-inL..

A-130



Sj U-3A HI NSLI/ t:CH, '. f J- lA r i, - LHIsCH xUN/LO/tN 2,5 MIN

1I AvAL. 4 1iT W MAX ' i(MS RATE NJIbE
liz ARC StC/SEC

1 ,1. , I•i ,J5

4 ?,Y9 .,YF8 1214

.9 ,H 4.98 •35bo

4, ,R 3. vs.19-56
7 t),j r n.9 7 .o23 17

4 I,/ ,Y7 ,2899

12 l:, hI1,95 3460
16 ll1O ie • 5 ,4165

1 1 I9., . .3023

10 1 ,,b 14,94 ,.142
1 P) 14.94 41"), 94 ,3vw2}

I 7 1:3.94 lb,93 o.2790

Lm 10,9,1 17.93 .27d7

20 1 , 1499 .2840

4 14.94 19,92 0.3213

S V 6, ,544
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4 ?.99 1. H 422

, i K 'so , I3b4
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1/ ib.94 1 .93 ,2541'
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1/ Ju 14 (1 ~)U/CH2~ FIJ i IA-HI JA r~~1F LH18CHW9UN/LU/tN I MIN

1 1ER VAL N )14pMAA P ia4S IRATF NUISE
'1HlM ARC SkC/SLC

2 S~1.2 1,140t4

4vh 59 . a4 04724
AY~d4 4YdA,2764

49 .Ovol!)w 71812
t~zo I /Is v / .1414

7 j 00kif 5 '11/9
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vi. v I lt)992

* A-135



£

I I

I
3

L~J I.

-I

IIj Ie~:
- N f

~iIi I

II 99 II II 99

A-13b

.9



I / J'' 9- L1
4

,e .Nj/ Ctil k-1 ('A-H JA Ui-2 W 041 =Lt4?-=JN/LU/tN I MIN
4 CJMP'LLA PIS 114 dnUEN Ox 1044, UF,F A R k. 9/6.)biE-(41 *1loo4lowt+3
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1/ Ii~ *- LiI C -./ (12 I'.J~A ~ A rHIi E [>41 CH'22.iN/I..O/cN 404 MIN

I4rEY A4 MIN MAX P kmS RATE NUISE

H7 ARC SLC/SEC

3 Oi 5v, 47 6

4 ,,, 132

7 0,1 .1A .019.3

t lo 0, , 42

iiv ..0LA11v ~297
1,23 . id 32 27

14 o40

')~~~~- I390 ( ,,

h I .L8

21 e 011 A i4i
22 "'J 0to b

2's 2 20 2. J ( 16 b7
24 e2, 40 147

1 1 Ilo,.fb1
2 2 . qi 0 12 41A
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1/ J'1 1 *f1/ er~ - rri I ~L iA - P1IA C ri 2 LH1 I %CH2=lN/1 O/LN 40o MIN

0; C UMPLt P I C. 0 .'E m)r4, I*,F ApiF *24414IF-A2 ,250MO11t*OL+0

LIflEWVAL 4 liy ~IIAX F k.MS RAIE NIJIbf
Z i 7 ARC SLC/SEC

vi o~il w OfIA 1

120i
1. leo .30

2.3. 4V v3o/

7 1 7 ,H 24

8 7AdMi
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L. I'tt-Kk. PI S 1 6-ILF, v:z Uk ,F, AK:{ 0195616E -01 ,2voowvt~r. p

SIL vAL .4 r4P. F IA= A N S kAIL NOISE

17 v'Q ARC SLC/SLC

K *12b7
h oh 12/ /H
7 ,, oY/ ,15 2

4 "9,.,7 7, 7

S/.0 .b2347

14.94 .2478
1,6 1 4, 4 1 b .'4 .2602

11 1 t _ 4 1 t, 93 .231!

17.93 .2613
b,93 2493

19. 2 ,2317
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* .J IrLLX 'JI.' Iv. t.00%CP 1 12 -1 U e AR . .19531JE-0k1 .2ikl8fr.&k+k2

14r~qvAL. vi L.4 r 4AX R (MS NATE NOISE
. ,Z ARC SLU/SLC

I ~.~"i 1.1r 16,241
2 1.: ~ 1.,IJ *0b 19

4 1,91 01119
4,91.4 .1772

O.Y7 1o97 ,2204

47 b9 1, 5 o2703

_4 d.9b Si,96 2 690
I wl 96.2433

ti 11I# 125 .;973

1-. 1.3.,43 14,94 2

16 14,94 lb,94 ,26b1

17 1t),4 lb,93 ,2668

Id Io.4s 1/,93 ,2521
19 11 soi 16S~s2386

I~,9 A 4 ' 2326

li Y,,40 14,94 b 5

4 14.V4 14,92 bh75

2 V) , 1.10478
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14 jkl'' 10'-, CPQ Rb/LI4l t~CIkr4C rJA-14 ri41UCM2uO/LO/EN 5 MIN
k Cu'eLl~x PIS 1 4 *Ll)Cm On3 11124. ul,,F APO .195313E-9l1 .26W0900t#42

14ILRWVAL mlf 16N mAX f ,RM5 RATE~ NIISE
H? I ARC StC/$k.C

2,99 *,e

6139A 4,9~8 "3753

7 tbVs697 .1431
0 l77,97 '1775

9 7197 b,9fh 11937
009h9,96 *29913

itY1.t 116,96i 2245

13 11 1.6v 12OW5 42454
14 12.io 1,3,95 ,2383

153.J95 14,9 4 ,2579
16 14,94 tbo94 .2521
(7 13,94 16,93 *2460
18 lo.,j3 17,93 .2476

191.,93 1o,93 .2451
20 1693 19.92 ,2639

2 49Q V g .50
3 .614,94 .5354
4 1,~419.92 *5613

o n.,w 210, i1 .9542

A- 149



I I I
I II

IlII

I I

I II

I I I IN

I1 I I
I 1I Il

SI IIDLl II

I I. .I
I I

I I I



It$ jt!v 10-SA LHIi WS/c' IrLtLIWUNILS 11Aint4 (CM1UCI2GUN/LU/kN 20b mIN
It .IMPLLO PIS IN ,sLtJCA 03i jbik4l ij,F AwF .195313E-g1 s2@~600"t4e2

14ITERVAL w PMIN I, MAX 1, gRM WAYE '4UISE
fiZ H ARC stC/stC

2 1 Ja o 1,10 to

.3 1,99 219Q ,kW637
4 ? .'118 oa1117
5 .,44,!J8 .1949

64,S'k D'Ii .1724
b , eA .97 '1996
0,4.~7 ,*97 .2444

9 Y.0'/ b,vos 29Jbi

12 Ik1,'6 11695 *28bi
13 11,S05 12.95 q296fl
14 12 1.3.95 2866

15 14,94 W5
1 314,44 10),54 .2494
1715.94 16093 .2594
IltIb1.3 17,93 .2484

I() I/OW3 18.93 *25WO
2 pIt a19,92 .2554

I ~4,98 *25i2
4, v.d S9,96 .5629

A 9,Y 499A b4WJ

4 14,94 19,92 .5651

0 in' 201,OIA 1 0 1
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Its J1.1m 10-3ui L'iW. W.S/Crii kLFktf.fb,wTL IIA-04 LN13LJH3uN/L~iL/N 2ab MIN

I~!~.~VL b1II I~MAX F 14M5 RATE NUISE
II7 ARC Sk.C/3EC

2 1 1,99 k2~

4 2.y 6,93 go2

6 4,9ei b.98 01310
ti h0,97 11515

/ , 9 . 1 6 W 3
1b.9t ,19648

11 ,QO11096 '1968

121l b12.!05 .230
14 1 i?,95 1.95 2377

11,Y194 .2545
171,414.94 *2375

4 14,94 59b6

1~~ 1i6r~ 20 .9512
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1j J'UN. 10-4 CI WS/Lhel. tLCTNL#N1CS uA=H rtflsCI12v(1P/LO/FEN I MIN

I. CJMgPLE VIS IN bLUC'K on IW249 U)F*I £11 .976564Ew~l 198(dit+03

14thpVAL 68 ruN F MAX F RM$ ROTE N(JISE
#i iz ARC SEC/SEC

so , so t, 19,92

4 29lbs 3$0 , 4 .5
5 3o d 4 49, S8A
b A,M1A 59.77 '1809

7 S ,/7 hti9*7. *1466

4 9,y 1.6b *k1Q17

I bto,0 fo 6 1, 1.7~
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1I JUN 1"1-5 CH2 ,A/LI' tLt. I LL. UAH rtitxCn2m0N/Ln/EN I MIN
; CUiMLrX PIs IN *LOCK on iLodQ uFF Ak P916563Eml 04wot0L3

/ . r.'IN V MAX H NMS RATE NUISE
t41 HZ ARC StC/SEC

4 20,m 3.9,4 e4369

$ o ei 4So60 .545
6 4 , m0 ho . /7 .1547

8 . / 7d,.9 ,In1 4
/ 9 ,h 6 4 1 )!5 .48,34
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uMPL X PIS TN hLiUt Am 1L24. UF.F AWF .244141E-02 *25 W~01
14IrJAL . PISN f' AX F RMs AlE NUISE

SH ARiC SEC/SEC

2 .1& e20 (oh41

4 .'slo 50 122
4 ,) 400 .1694

5 v o1 b iA , ,o , 1 4 8

Ot% 70 (196
11 1A '90 w24 4

l kAv 1,10 , 2

O1.1 1,20 , 292
10 1.11, i299

21.40 ~ @6358

bO 06330

f) ,030d3 
w5D

24 , 3 o I 4 2 5

3 
40
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16 JUN 10-7 CH WS/ ;HI tLt"TuNICb (A-H CHNsCH2nN/LO/EN d0 MIN
~ Cr)MP f IN b~ LUC'.a j4Ij4, uvF' ARFc .244141E-02 ,250000t+01

I JIFvAI. M 1, I MAX t RMS RATE NOISE
HI ARC StCtSEC

S .10 160o1tBi

2 1I ( 43

4 s.o4 0010l

5 .o 01013

p i j '1019

gA,213
Ii 1Siv 1,10 0fr196

12 1,1%4 1,20 0~224

14 1 140 03
1 t 1 40I~bwW277

1A60 1bm.

2. I 1..L4 I .. . .
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14JN- CJMLVT1 O)A- LA CHI N c4iu(N/i.a/Es CN~oUWLUEN 5MIN

14TERvA6 A.I'~N IMAX F ~ RI45 MAIE NOISE

"I N4Z ARC SEC/SEC

10I A~9I 1, i$ .01216
2'a 1.119 .W459
3 1.U1 2.99 ,w016

4 d,9Q 3.1Vh d1924
53.it8 4.18 ,1854

6 4.118 *$,goN 1122
7 *.118 b'97 .1140)

8t'.97 1.97 .1159
/ j017 0, v6 .11801
pi'96 11.96 '1117

11 1.1b 101.96 '1175
12 1.116 11,95 .1148

15 13.115 14,94 '16/2

17 15.114 sti'V3 .1036
to 10.93 17,93 Idle1
19 17.93 14.113 .1256
216 186103 19,912 (93

1 0.01 4,98 .2258
2 '.108 11.96 .2505
3W996 14,94 *2467

4 140Y1d 19,92 k1

1i1 20'(6w ,4813
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J~ JUV N11-2 L~i~e ;UA-V TA LH1 N CmisON/LO/EN Ctl2ufN/LI)/EN 'S MIN
00 rCMPLLX PIS IN BLUCA tin 1d24, IjF#F AWE. 19531%iE-91 *2866W9t*02

14rERvAL MIPN p MAX F RNS RATE NOIBE
Hz Z ARC SLCISEC

2 1 io" 1.99 81341
a 1.99 2099 .65*6
4 ;iovg JewsVow
5 3,98 4,98 .1137
6 4,98 0,96 91169
7 5,98 6,97 .1268
6 v,v7 7,97 01569
9 7"47 o'96 '1591

110 b,96 9,9ft '1666
It S0,96 166 .1727
12 10.96 11695 '1756
13 11.95 12995 *1676
14 12.95 13.95 .1756
15 13,95 14094 161
16 14,V4 15094 $1795
17 1594A 1(193 $1726
18 16893 17993 '1525
19 17.93 18,93 01910
20 16993 19.92 stele

1 o * 4 k 4,9H .1547
2 4,98 9,V 025
a 9.V6 14.94 03927
4 149V4 19,92 '3951

Lo 91$Q 20,6 iop0509
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